Information regarding the normal unipolar electrocardiogram in the young ages is very limited. This study furnishes data obtained from 521 normal infants and children from birth to 13 years, using the V chest leads and the aV limb leads. Four age groups were noted in the evolution of the newborn pattern into the adult pattern as mainly reflected by the configuration of the QRS complex in V1. Detailed analyses of the rest of the unipolar electrocardiogram disclosed other distinctive features both in wave patterns and voltages which differ significantly not only from adult findings but also among the various age groups noted.
Information regarding the normal unipolar electrocardiogram in the young ages is very limited. This study furnishes data obtained from 521 normal infants and children from birth to 13 years, using the V chest leads and the aV limb leads. Four age groups were noted in the evolution of the newborn pattern into the adult pattern as mainly reflected by the configuration of the QRS complex in V1. Detailed analyses of the rest of the unipolar electrocardiogram disclosed other distinctive features both in wave patterns and voltages which differ significantly not only from adult findings but also among the various age groups noted. IN 1908 Nicolai and Funaro' recorded the first electrocardiograms in children. Since then, several studies in normal infants and children, mostly limited to the standard limb leads have been published.2 Observations have been reported on various special features of the normal bipolar electrocardiogram in childhood,8 such as those on rate and rhythm, axis deviation, the lead IV' pattern, and the T waves in the chest leads.
With the advent of unipolar technic it became imperative to reanalyze the electrocardiogram in normal infants and children with the use of unipolar leads. The negative T waves in the unipolar precordial leads in normal children have been investigated by various worke6s.'-7 Others studied various aspects of the unipolar electrocardiogram but confined their observations to newborn infants. '8-19 Recently published studies2'>'22 cover all ages in infancy and childhood but are based on a limited number of cases. The data in these reports were analyzed on the basis of age groups determined empirically rather than from the results of the electrocardiographic findings.
The three standard limb leads, the three augmentecl unipolar limb leads, following Goldberger's technic24 (using 5,000 ohms resistance), and Wilson's precordial leads25 (V1 to V6) were recorded mostly with the direct-writing Sanborn Viso-Cardiette. The difficulty of getting a good V3 in newborn infants without encroaching on either V2 or V4 made us exclude the analy sis of this lead in the present study. A magnifying lens or a special reflectoscope was often used. The latter was a device to project the electrocardiogram at least ten times its actual size Note: 10% column indicates voltage in 10 per cent of voltage in 90 per cent of cases above the minimum. onto a white paper, thus facilitating the study and measurement of individual waves.
Only the data on the unipolar leads will be presented here. The analysis of the standard bipolar limb leads, which deals more with the rate and rhythm, electrical axis, and the measurement of the various intervals, is being published separately.26'27 cases above the minimum, and 90% column indicates
RESULTS

Unipolar Precordial Leads
The QRS Complex. While in the adult the QRS in V, shows a dominant S wave,28 in the infant the R wave was as a rule the dominant deflection in this lead. It was on the basis of this finding that our data were subsequently Group I (birth to 9 months) showed a dominant R in 72 per cent, this being an Rs pattern analyzed. Table 1 shows the four age groups that resulted from this analysis and that were later utilized in the rest of the study. in 70 per cent and an 1t alone in 2 per cent. Seventeen others in this group showed a diphasic RS but the It still had a greater height than the depth of the S. In group II (10 months to 2 years), the amplitude of R remained greater than S in 77 per cent, the pattern now being more often a diphasic RS with R greater than S in 46 
with S now having a greater amplitude than R. in 72 per cent. If 12 other cases with equiphasic R and S waves are included, a total of 101 cases or 81.4 per cent showed a prominent S in this group. Finally, in group IV (6 to 13 years), the V1 pattern was identical with the normal adult pattern with a dominant S in 89.95 per cent. If 15 cases with equiphasic RS are included, the incidence of a prominent S in this group would be 97.5 per cent.
In no instance was a Q seen in ¾1, even in those cases with a dominant R in this lead. In 23 per cent of cases in group I a Q wave was not observed in any of the chest leads; while such tracings were still over or close to the transition zone. For this reason both the 10 percentile and 90 percentile voltages were also determined and tabulated. In groups II to IV a Q wave was often seen in V4 to (15 to 20 per cent) and almost always in ¾5 to V6 (68 to 75 per cent); whereas very few (6.5 to 8 per cent) showed a Q w-ave in V6 alone. Table 2 gives the Q, IR, and S voltages in the chest leads. The wide range between minimum and maximum voltages is readily evident. Trhe mean values for R in leads ¾, and V.2 gradutally diminished from group I to grotup IV while the same values in ¾,5 and ¾6 progressively increased. Conversely the mean values foi S increased from group I to group IV in and V2 as they simultaneously decreased in V5 and V6. The extreme voltages were in cases with diphasic iRS, which wouild indicate that T'he T' lW/ave. Table 3 shows the T wave negative or diphasic in all cases except for 7 children in the oldest age group. On the other hand, a negative T in V6 was never encountered. In group I the T wave was frequently negative or diphasic from ¾1 to ¾4. The older age groups all had upright T waves in ¾'s and only a few showed a negative or diphasic T in ¾4. In its progression from ¾1 to 6a negative or diphasic T in any lead never became more upright in the lead or leads to its right. Conversely a negative T in ¾1 never became more negative in leads to its left except in V22.
The P Wave. There is no significant difference either in pattern or in voltage of the P among the four age groups. It w-as either diphasic or upright in ¾1 and V,2 and as a rule upright in V4, V5 and V6. The voltage of the P waves was greatest in V2 (-0.5 to +2 mm.) whereas the smaller voltages were in V5 and V6 (+0.25 to + 1.25 mm.).
Unipolar Limb Leads
The QRS Complex. A prominent R or R' in aVR occurred in 28 per cent of cases in group I (table 4) and within this group was confined to infants under 2 months of age. Moreover, the 12 cases with an R or qR pattern in this lead were all under 1 month of age. The mean value for R or R' was 4.45 mm. with a range of 2.5 to 11 mm., the latter measurement being ob- in other groups. Instead, in most instances the electrocardiographic position was either vertical or semivertical. These findings explain in great part the extreme rarity of left axis deviation26 as well as the frequency of right axis deviation in childhood. served in a case with a QR pattern. In the other three age groups a prominent R or R' in aVR occurred rarely and only in association with a QR pattern. In these age groups a prominent S was seen in over 95 per cent, the usual pattern being an rSr'. The QRS patterns in aVL and aVF are summarized in table 5, which also indicates the various electrocardiographic positions. The latter were determined in accordance with the method of Wilson and his associates. striking differences among the four groups were seen in the QRS voltages in aVL and aVF.
The T Wave. In table 7 data on the T wave in the aV leads are tabulated. In no case was an upright or even a diphasic T seen in aVR. In aVL and aVF the T was occasionally inverted or diphasic.
The P Wave. The P wave was always negative in aVR, and, with rare exceptions, upright in aVF. In aVL diphasic P waves were noted in from 20 to 27 per cent in the various age groups although very few showed inverted P waves. P wave voltage varied from 0.25 to 2.0 mm. Figure 1 is here .condensed in the early part of this chart which thus shows in a more striking way the change in lt/S relationship during the first vear. This continues in the remaining years of childhood in a more gradual manner until it assumes the adult relationship of a dominant S wave in V,, thus giving a negative algel)raic sum. UNIPOLAR PREXCORDIAL AN!) EXTREMITY ]EJLECTROCARDIOGIRAMI COMMENTS It i,< evident that the unipolar electrocardiogram in infancy and early childhood differs significantly from that in late childhood and adult age. The most striking differences pertain to the QRS patterns and values in V1 and aVR, which in very young persons suggest right ventricular hypertrophy. The latter is mainly indicated by the dominant B or' It' in these ten34 showed that the right ventricle may actually be the larger of the two at birth. Hence, while the adult electrocardiogram mirrors a physiologic left ventricular preponderance, in the newborn infant it reflects a relative or even absolute right ventricular preponderance.3" It is evident that, if abnormalities in the electrocardiogram are to be properly interpreted, the normal progression of the newborn Such differences are easily explained by the differences in relative size and thickness between the two ventricles in infancy as compared to adult age. Brock33 found a weight ratio between the right and left ventricles of 6:7 in the newborn against 1:2 in the adults. Pat-infant pattern into the adult pattern must he recognized. The analysis in table 1 shows not, only the characteristics of the QRS complex in V1, the lead that shows the most, distinctive features, but also indicates at what ages these changes occur. It also furnishes the basis for analysing the rest of the data according to the four age groups derived from the V1 features.
The absence of a Q in V1. even with dominant it or It'. is a significant clue in delineating physiologic from abnormal right ventricular preponderance in young children. In right ventricular hypertrophy in adults28-32 and in children with congenital heart anomalies producing right ventricular strain, as in tetralogy of Fallot,36 a Q in VI is often encountered. Our data also show that deep Q waves are not infrequent over the left chest. However, as previously observed by others,37 deep Q waves in left precordial leads in children are always associated with tall R waves.
The QRS voltages, particularly in the chest leads, deserve special emphasis. Greater voltages and wider ranges of normal variations in amplitudes are seen in children as compared with adults.38 These findings are undoubtedly due to the greater contact of the heart with the chest wall and to the thinness of the latter. Hence in interpreting criteria for ventricular hypertrophy in children, caution must be observed in quantitative analyses of individual waves as well as of mathematical combinations of right and left precordial deflections.
Peculiarities in position, anatomic and electrocardiographic, must play a significant role in producing the other features noted in this study. This concept is suggested by the QRS patterns in the limb leads and the T ware patterns in the chest leads. While the QRS patterns in aVL and aV, reveal predominant vertical position, the patterns of QRS in aV\R and of T in the chest leads, particularly in the early months of life, also suggest clockwise rotation.
Finally, in figures 1 and 2 are graphically represented the progressive changes in the R and S relationship in V1. A definite trend of the algebraic sum of It and S in V1 is shown both by the mean curves as well as by the areas of normal distribution of 90 per cent of all cases. In figure 1 the relative prominence of right ventricular activity is reflected by an algebraic sum of greater than 1. In figure 2 the S wave becomes more and more dominant with the result that the algebraic sum progressively increases in negativity.
These charts furnish another guide in the interpretation of infants' and children's unipolar electrocardiograms in addition to the other features already described. That the alge-braic sum of these two waves is probably a better criterion than their individual amplitudes or their ratio is suggested by the wide ranges in amplitudes they normally exhibit in these ages. Figures 3 to 5 illustrate the various features previously described in the four age groups already mentioned.
SUMMARY
The unipolar electrocardiogram in 521 normal infants and children, ranging from birth to 13 years of age, was studied with multiple precordial and augmented unipolar leads.
In the progression of the unipolar electrocardiogram from the newborn pattern to the adult pattern, four age groups were noted; namely, group I (birth to 9 months), group II (10 months to 2 years), group III (3 to 5 years), and group IV (6 to 13 years). This progression was mainly reflected by the QRS pattern in V1, showing initially a pattern of right ventricular preponderance and gradually evolving in late childhood into the pattern of left ventricular preponderance seen in the normal adult.
The distinctive features of the unipolar electrocardiograms in these various age groups were described. In addition the voltages of the individual waves were tabulated. Distribution charts based on the algebraic sum of the R and S waves in V1 were also constructed.
The factors responsible for these features were discussed. Finally, various clues that may be helpful in distinguishing the normal from the abnormal patterns in these ages were pointed out.
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